S
ince Jules Bordet and Octave Gengou first isolated Bordetella pertussis, the bacillus responsible for whooping cough, in 1906 using their specific medium, named Bordet-Gengou agar (1), the laboratory diagnosis of pertussis has greatly improved with increased sensitivity of detection and a shorter time to diagnosis. The introduction of nucleic acid amplification testing (NAAT), which is faster and more sensitive than culture for the detection of B. pertussis in respiratory specimens, has revolutionized the laboratory diagnosis of pertussis (2) . It has also permitted new collecting devices, like flocked swabs in universal transport medium (UTM), to be considered for the collection and transport of specimens for B. pertussis testing. The nylon-flocked swab provides better entrapment during collection and better release of microorganisms than do other swabs (3, 4, 5) . However, no studies evaluating the performance of flocked swabs in UTM as collecting devices in the detection of Bordetella by NAAT have been published.
(This study was presented in part at the 113th General Meeting of the American Society for Microbiology, Denver, CO, 18 to 21 May 2013.)
When PCR testing for the detection of B. pertussis in respiratory specimens was introduced in our laboratory, validation studies with spiking experiments, serial dilutions, and determinations of the lower limit of detection were performed to validate the acceptability of flocked swabs in UTM as a collection device (data not shown). To further evaluate the performance of the flocked swabs in UTM, we compared the real-time PCR positivity rate for B. pertussis between specimens collected with the BD BBL CultureSwab Plus Amies gel with charcoal and BD universal viral transport medium with flocked swabs during a pertussis epidemic to assess if one was superior to the other.
The study was initiated during an epidemic of B. pertussis in Minnesota and was conducted over a period of 6 months, from 26 June to 31 December 2012. The specimens were sent mainly from local pediatric and family practice clinics and from a university children's hospital. In general, the transportation time was Ͻ24 h. The caregivers had the choice of sending nasopharyngeal wash or nasopharyngeal swab specimens for B. pertussis testing by PCR. If they chose to send a nasopharyngeal swab specimen, they then chose one of two main collection devices, the rayon swab in Amies gel with charcoal or the flocked swab in UTM.
The BD BBL CultureSwab Plus Amies gel with a charcoal unit consists of a regular rayon wound-fiber tip on an aluminum wire shaft and a transport tube with Amies gel enriched with charcoal. The BD universal viral transport system comprises a package containing a peel pouch incorporating a sterile nylon-flocked specimen collection swab and one transport vial of 1 ml UTM with three glass beads. Occasionally, flocked swabs were received in 3-ml UTM vials. The 1-ml vial was recommended to avoid a dilution effect, and the vast majority of the flocked swabs were received in 1-ml vials.
Upon arrival in the laboratory, the specimens were processed. Each specimen collected with a rayon swab in Amies gel with charcoal had the swab tip cut and placed into a 1.5-ml microcentrifuge tube containing 200 l of phosphate-buffered saline (PBS) solution, was left at room temperature overnight to allow bacteria to elute into the PBS solution, and then was refrigerated at 4°C to 8°C until tested. The specimens collected with the flocked swabs in UTM were kept at 4°C to 8°C until tested.
Nucleic acid was extracted from 200 l of each of the original specimens by cell lysis, as previously described (6) . B. pertussis was detected on the Cepheid SmartCycler by a real-time PCR assay developed in-house using Cepheid (Sunnyvale, CA) analyte-specific reagent primers and probes that targeted the multicopy insertion sequence IS481 of B. pertussis. Validation studies were performed before the clinical specimens were tested (6; data not shown).
From June 2012 to December 2012, the laboratory received 2,750 specimens for B. pertussis testing by PCR. The main collec- 
FIG 1 Prevalence of PCR tests positive for pertussis from June through December 2012, by age.
Collection Device for Detection of B. pertussis by PCR tion device used by the health care providers was the flocked swab in UTM, with 1,566 (61.7%) specimens received, compared to the 972 (38.3%) specimens collected by rayon swab in Amies gel with charcoal. The remaining 212 specimens were collected by other methods or had no documentation. The higher rate of flockedswab utilization is likely because clinicians were more familiar with the collection unit, as they also used it for the collection of respiratory specimens to test for respiratory viruses by rapid testing, PCR, and culture. The overall B. pertussis positivity rate was 5.8% (160/2,750). The specimens collected with the rayon swabs in Amies gel with charcoal had a slightly higher positivity rate of 6.3% (62/972), compared to 5.8% (91/1,566) for the flocked swabs in UTM ( Table 1) . The difference was not significant (chi-square analysis, P ϭ 0.56). The median age of the patients with a positive result from specimens collected with the rayon swab was 12 years and for the flocked swab was 11 years. Seven of the positive specimens did not have a record of the collection device used. The overall mean cycle threshold (C T ) value of the positive specimens collected with the rayon swabs in Amies gel with charcoal was 30.83, compared to 31.32 for specimens collected with the flocked swab in UTM (Table 2) . This difference was not significant (unpaired 2-tailed t-test analysis, P ϭ 0.55). The mean C T values of the positive specimens for each collecting device in each age group were also calculated and compared. None of them showed a statistically significant difference (Table 2). However, children 10 to 12 years of age in the group of those with specimens collected in Amies gel with charcoal had the lowest positive mean C T value (28.38) ( Table 2) , suggesting a higher bacterial load (7) . The age groups with the highest positivity rates were preteens (16.2%) and teenagers (13.7%), which is consistent with national data on waning immunity against pertussis in previously immunized individuals (8) (Fig.  1) . Another possible reason for the highest positivity rates in preteens and teenagers could be the presence of Bordetella holmesii infection or B. pertussis/B. holmesii coinfection (9) (10) (11) . This possibility could not be assessed in our study, as the IS481 target does not differentiate between the two species, and B. holmesiispecific testing was not performed.
From the data collected in this study, it appears that the flocked swab in UTM was noninferior to the rayon swab in Amies gel with charcoal for the detection of Bordetella pertussis by PCR. Additional studies to compare the performance characteristics of the two types of transport media/swabs that would involve using both of them in the same patient (i.e., one collected from each naris) will have to be performed to confirm our results.
